The effects of electric field (EF) during incubation of eggs on hatchability traits, and post-hatch performance, nutrient utilization and carcass characteristics of meat chickens were investigated in 2 trials. Eggs from a meat-type breeder flock were incubated under EF of 30kV/m, 60Hz during the first 18 d of incubation as compared with the control incubation treatment (C). Chicks hatched from the two incubation treatments (EF and C) were fed ad libitum and their performance was monitored. Measurements were made of h atchability, hatchability failures, chick hatching weight (CHWT), length of incubation, post-hatch performance (weight gain (WTG), feed consumption, and feed conversion ratio (FCR)), and nutrient utilization (apparent nitrogen retention and nitrogen corrected metabolizable energy of birds at 30 d of age), and carcass characteristics of sexed birds at 40 d of age. EF incubation of eggs significantly (P < 0.05) increased per cent of hatchability, per cent of hatching chicks by 468 hour of incubation, CHWT and reduced embryo deaths, pips with life embryos, length of incubation and percentage of hatched chicks at 492 plus 504 of incubation by approximately 11.0, 428, 2.4, 56, 86, 5.1 and 98%, respectively. EF birds had a higher (P < 0.05) WTG than the C birds, when they were placed with feed and water after hatching, but not when birds were held without feed and water to the end of incubation period. EF incubation of eggs did not significantly influenced feed intake, FCR, and nutrient utilization of birds. Carcass of the EF birds had higher (P < 0.01) proportion of drumstick (g/kg eviscerated carcass (EC)), and lower proportions of edible offal (liver plus heart plus gizzard, g/kg live weight (LWT) and thigh (g/kg EC) when compared with those of the C birds. Carcass of male birds had significantly (P < 0.01) higher proportion of drumstick (g/kg EC), and lower proportion of edible offal (g/kg LWT) than female birds. In the EF group, female birds had significantly (P < 0.01) higher LWT and carcass neck plus back (g/kg EC), and lower EC (g/kg LWT) and carcass breast (g/kg EC) than males birds. However in the C group, male birds had a higher LWT than female birds. Whilst, sex of birds of the C group did not significantly influence EC (g/kg LWT), and carcass breast and back plus neck (g/kg EC). It is concluded that the incubation of eggs under EF of 30kV/m, 60Hz increased hatchability of eggs, and chick hatching weight, reduced incubation time of eggs and altered carcass characteristics of birds. EF incubation of eggs increased weight gain of birds when hatched chicks were placed with feed and water after hatching. EF incubation of eggs did not altered feed efficiency, and nutrient utilization of meat chickens.
Introduction
Successful incubation environment depends o n maintaining favorable conditions for hatching fertile eggs. The incubation environment of eggs is known to influence the growth of embryos, hatchability traits of eggs, and the morphology, physiology, and behavior of chickens (Wilson, 1991; Decuypere and Mitchels, 1992; Shafey and Al-Mohsen, 2002; Shafey, 2004; Shafey et al., 2005) . The environmental factors that are most critical to the normal development of the embryo are those that occur during the incubation and hatching processes. These factors include incubation temperature, humidity, egg orientation, egg turning, ventilation, and sanitation (Wilson, 1991) . These factors are within the control of automated incubators. However, research on incubation environment shown that there are other environmental factors, which can influence the development, and growth of embryos and hatchability traits of incubated eggs. The inclusion of light into the internal environment of incubators has been reported to improve the growth of chicken embryos, hatchability traits of eggs and posthatch performance of chickens (Shafey and Al-Mohsen, 2002; Shafey, 2004) . In addition, Shafey et al. (2005) found that the exposure of chicken eggs to electric field (EF) of 30 kV/m, 60Hz, during incubation increased embryonic growth, and hatchability traits, and reduced the length of incubation of layer-type breeder eggs (Shafey at al., 2005 (Shafey at al., , 2006b ). Shafey et al. (2006a,b) suggested that incubation environment of eggs influenced the metabolism, heat production and growth of embryos and consequently hatchability traits and length of incubation. The incubation period needed for chicken eggs to produce a complete embryo might depend on incubation environment (Shafey and Al-Mohsen, 2002; Shafey et al., 2006b) . Therefore, (unhatched eggs with unbroken shell) were counted at alteration in incubation environment influences the the end of incubation. Hatching time was recorded every metabolism and growth of embryos with consequent 12 h. Per cent hatchability was calculated on the basis of impact on post-hatch performance of growing chickens, the number of hatched chicks as a percentage of the and that may be through changes in the efficiency of number of fertile eggs per treatment. Chicks were nutrient metabolism and utilization. Data on the effects removed for placement every 12 h intervals from 468 to of EF during incubation on the hatchability traits, and 504 h of incubation and hatching WT were recorded to post-hatch performance of meat chickens are not the nearest 0.1 g. A total of 72 chicks from each available. This study was designed to examine the incubation treatment were assigned to twelve replicates effects of EF during incubation of eggs on the of six birds per each incubation treatment. There was hatchability traits, post-hatch performance, nutrients enough number of hatched chicks from the EF treatment utilization and carcass characteristics of meat chickens.
by 468 h of incubation. Therefore, EF chicks were Nitrogen in both feed and excreta was determined by Kjelhahl procedure (AOAC, 1990), gross energy by using an adiabatic bomb calorimeter, and acid insoluble ash (AIA) by AOAC (1990) . The calculations of nutrient utilization as described by Scott et al. (1982) were as follow: Apparent nitrogen retention (ANR) = 100-(100 X F* X F**) F* = % AIA in diet / % AIA in excreta F** = N in Excreta (mg/g) / N in diet (mg/g) Nitrogen corrected apparent metabolizable energy (AME ) = Energy per g diet -Excreta energy per g diet + n 8.22 X mg N retained per g diet Excreta energy per g diet = Energy per g excreta X F* N retention (mg/g diet) = N in diet (mg/g) -N in excreta (mg/g) X F* The incubation trial was repeated 12 wk from the end of the first trial with the same number of comparable WT eggs (67.8 ± 0.9 g, Mean ± SEM). The hatching chicks from the two incubation treatments were removed from their hatching compartments for placement at the end of incubation period of 21 d, as is practice in the industry.
Materials and Methods
A total of 72 chicks from each incubation treatment were and (P<0.01) reduced per cent of hatching chicks at 492 assigned to twelve replicates of six birds per each incubation treatment as in trial 1. Birds were offered a commercial starter diet to 21 d, followed by a commercial finisher diet until the termination of the experiment at 35 d of age. Diets were similar to those fed in the first trial. Measurements of per cent hatchability and hatchability failures (pips with live embryos, pips with dead embryos, early dead embryos, late dead embryos), performance of chickens (WT gain (WTG), feed consumption, feed conversion ratio (FCR=feed intake (g) / WTG (g)), were determined in trials 1 and 2 . Hatching time and chick hatching WT (CHWT), nutrient utilization (Apparent nitrogen retention (ANR), nitrogen corrected metabolizable energy (AME ), and carcass composition n were determined in trial 1. There was no significant difference between the two trials in the effect of EF on the hatchability traits of eggs, so data from trials 1 and 2 were combined together for final analysis. Data were arranged in a 2 x 2 factorial back (g/kg EC) and EC (g/kg LWT, P < 0.05) at 40 d of arrangement for incubational treatment (C and EF), and trial as main effects and their two-way interactions fitted into the model. All per cent data were transformed using arc sine square root percentage transformation before analysis. Two-sample t-test were used to compare means of the two incubation treatments (C and EF) for egg WT, CHWT, hatching time, nutrient utilization and performance of chickens. Data from carcass composition were arranged in 2 x 2 factorials with two incubation treatments (C and EF) and sex of birds as main effects and their two-way interactions fitted into the model. A difference with a probability of P<0.05 was considered significant. When significant variance ratios were detected, differences between treatment means were tested using the least significant difference (LSD) procedure. All statistical analysis was performed using the Statistical Analysis System (SAS Institute, 1985) .
Results
The effects of incubation treatment on the hatchability and hatchability failures, CHWT, post-hatch performance of trial 1 and 2, nutrient utilization and carcass composition are shown in tables 1 to 6, and on the per cent of hatched chicks and length of incubation are shown in Fig. 1 and 2 , respectively. EF incubation of meat chicken eggs significantly (P < 0.01) increased hatchability, percent of hatching chicks at 444, 456 and 468 h of incubation, and carcass proportion of drumstick (g/kg of eviscerated carcass (EC), CHWT expressed as a percentage of egg WT or as an absolute WT (P < 0.05), WTG of chicks during the 40 d experimental period when they were placed with feed and water after hatching (Trial 1, Table 3 ), but not when they were held without feed and water to the end of incubation period (Trial 2, Fig. 2 ), edible offal (liver plus heart plus gizzard, g/kg of live body WT (g/kg LWT)) at 40 d of age, and (P<0.05) embryo deaths (early and late), pips with live embryos, carcass proportions of thigh (g/kg EC) when compared with those of the C treatment. Male birds had significantly (P < 0.01) higher carcass proportion of drumstick (g/kg EC), and lower carcass edible offal (g/kg LWT) than those of females at 40 d of age. There was no significant effect of incubation treatment of eggs on pips with dead embryos, feed consumption, FCR, ANR, AME , carcass abdominal fat n (g/kg LWT), and carcass proportions of wings, breast, and neck plus back (g/kg EC). There was no significant difference between the two incubation trials in the percentage of hatchability, or hatchability failures. There was significant (P < 0.01) interaction between incubation environment of eggs and sex of birds on LWT, and carcass proportions of breast, and neck plus age. Male chickens had significantly (P < 0.01) higher LWT than female chickens hatched from eggs incubated under the C treatment. Whilst, female chickens had a higher LWT than male chickens hatched from eggs incubated under the EF treatment. EC (g/kg LWT) and carcass proportion of breast (g/kg EC) were significantly heavier, and carcass proportion of neck plus back (g/kg EC) was lighter in male chickens when compared with those of female chickens hatched from eggs incubated under the EF treatment. However, there was n o significant different between sexes of chickens hatched from eggs incubated under the C treatment in EC (g/kg LWT), and carcass proportions of breast, and neck plus back (g/kg EC). There was no significant interaction between the incubation treatment of eggs and trial on hatchability and hatchability failures.
Discussion
Results from this study indicate that incubation of eggs under the EF environment of 30 Kv/m at 60 Hz increased the hatchability percentage, and CHWT of meat-type breeder eggs by approximately 11.0, and 2.4%, respectively when compared with eggs incubated under the C environment (Table 1 and 2). The improvement in hatchability of eggs incubated under EF was mainly due to its significantly lower hatchability failures of embryo deaths and pips with live embryos by approximately 60.3% when compared with eggs incubated under the C environment. In addition, EF environment of incubation initiated hatching very early with increased per cent of hatching chicks within 468 h of incubation and cumulative hatchability at 480 h of incubation b y approximately 428 and 170.3%, respectively, and reduced the per cent of hatching chicks in the last 24 h of incubation period and length of incubation by approximately 98 and 5.1 % when compared with those of the C incubation environment ( Fig. 1 and 2) . Whilst, eggs incubated under the C treatment showed a delay to initiate hatching and a slower increase in hatchability with a lower per cent of hatching chicks within 468 h of incubation when compared with the EF treatment (15.1 vs. 80%). Similar findings were reported in an earlier study (Shafey et al., 2006b) , in which EF incubation of layer-type breeder eggs improved hatchability and CHWT, and reduced the early embryo deaths, and length of incubation by approximately 19.6, 1.7, 62.1 and 2.1%, respectively. The improvement in the hatchability traits of the EF group was related to the acceleration i n embryonic growth (Shafey et al., 2005) , and increased temperature of the internal incubation of eggs (Shafey et al., 2006a,b) .
Results from the post-hatch performance of chickens indicated that EF chickens that were removed from the incubator immediately after hatching had significantly higher WTG during the 40-d experimental period than those hatched under the C incubation treatment (Trial 1). EF exposure of chicken eggs during incubation increased feed intake of hatched chickens, albeit nonsignificantly, without any significant influence on FCR. Whilst, EF chickens that were held in the incubator to the end of the incubation period of 21 d, as is practiced in the industry, regardless of the difference in hatching time .14 Mean ± SEM of 3 replicates. ANR = 100 -( 100 X F* X F** ). of approximately 25.1 h between the two incubation treatments (489.2 and 464.1 for the C and EF incubation treatments, respectively), did not differ significantly in WTG, feed intake and FCR from those chicks that were hatched under the C incubation treatment (Trial 2). It seems that the inconsistency in the performance o f chickens between the two trials is related primarily to the placement time of hatching chickens. These results suggest a delay between hatching and placement of EF chickens has a negative impact on their growth performance. This caused a delay in access to feed and water and that influenced post-hatch performance of EF chickens in the second trial. This suggestion i s supported by the finding that holding time in the incubator has been attributed to WT loss in the poult and chick and that was still present at market age (Hager and Beane, 1983; Nir and Levanono, 1993, Pinchasov and Noy, 1993; Halevy et al., 2000) , decreased residual yolk sac nutrient content and increased mortality (Vieira and Moran, 1999) . Immediate feeding post-hatch has been shown to increase WT of birds when compared to poults with delayed access to feed (Noy and Sklan, 1999) . Studies on prenatal exposure of laboratory animals and human to EF revealed that there was a large amount of contradiction in the literature. Portet and Cabanes (1988) found no effect for EF on growth and development of rabbits when they were exposed to a 50-Hz EF (50-kV/m) for 16 h/d in the last 2 wk of gestation and for 6 wk after birth. In contrast, Marino et al. (1976) reported decreased WTG in mice prenatally and postnatally exposed t o vertical (15-kV/m) or horizontal (10-kV/m) EFs. Burack et al. (1984) suggested that prenatal development of rats was retarded by exposure to a 60Hz, 80 kV/m EF. However, Shafey et al. (2005) found that the exposure of chicken eggs to EF during incubation increased embryonic growth and CHWT (Shafey et al., 2006a) . Our results were in agreement with Fernie and Bird (1999) who reported that electric and magnetic fields (EMFs) exposure increased WTG and feed intake in birds. Similar results were reported in monkeys (Grisset and Lotz, 1985) , laboratory rodents (Marino, 1990) , and adult mammals such as domestic cattle (Burchard et al., 1996) . Conflicting experimental results found in the literature may have been related to sensitivity of animals to EF and EMF exposures, and different experimental conditions such as the type and strength of EF and EMF exposure experienced in some studies. Incubation treatment influenced carcass composition of chickens. EF incubation of eggs increased the proportion of drumstick and reduced the proportion of thigh (g/kg EC), and edible offal (g/kg live WT) of birds at 40-d of age. These changes in body composition were not achieved by alteration in the efficiency of nutrient utilization. EF incubation of eggs caused a nonsignificant increase in ANR and AME of meat chickens n by approximately 6 and 3.2 %, respectively. Sex of bird affected proportion of edible offal (g/kg live WT) and drumstick (g/kg EC) in the carcass. These differences probably arise from metabolic differences between The authors are grateful to the Agriculture Research sexes. Merkley et al. (1980) found significant differences Centre. between sexes in the yield of all carcass parts. The effects of sex on carcass composition of chickens were reported by Merkley et al. (1980) , Leeson, (1995) , Lazzari and Paganini (1999) , Shafey et al. (2001) et al., (2003) . Carcass composition of males and females is not entirely controlled by the same genes. There are probably genes common to both sexes and gene specific for each sex (Shafey et al., 2001) . The interaction between incubation environment of eggs and sex of bird on carcass composition at 40 d of age suggested that EF incubation of eggs affected carcass composition of sexed birds, differently. EF female birds had higher LWT, and carcass proportion of neck plus back (g/kg EC), and lower EC WT and carcass proportion of breast (g/kg EC) than those of EF male birds. Whilst, male birds hatched under the C incubation treatment had higher LWT than those of female birds hatched under C incubation treatment. These results may suggest that EF incubation of eggs influenced gene expression of chickens and consequently carcass composition. These findings confirmed that incubation environment of eggs can have significant effects on embryonic growth, hatchability and subsequent posthatch performance of chickens. In conclusion, these data suggest that the exposure of chicken eggs during incubation to EF of 30 kV/m at 60 Hz improved body weight gain and altered carcass composition of meat chickens at 40 d of age, without significantly affecting feed consumption, feed conversion ratio, dietary nitrogen retention and nitrogen-corrected apparent metabolizable energy.
